While studying transgenic mice that overexpress human wildtype alpha-synuclein (Thy1-ASO, ASO) for typical brain alpha-synucleinopathy and central nervous system neuropathology, we observed progressive functional changes in the gastrointestinal and other peripheral organs. A more systematic study revealed that the gastrointestinal tract in ASO mice showed severe distension and blockage of the large intestine by 9-12 months of age. Functional assessments demonstrated a reduction in fecal water content and fecal pellet output, and increased whole gut transit time, in ASO mice compared to wildtype littermates, indicative of constipation, a symptom commonly reported by Parkinson's disease (PD) patients. Food intake was increased and body weight was decreased in 12 month old ASO mice, suggestive of metabolic abnormalities. Postmortem histological analyses showed that human alpha-synuclein protein was robustly expressed in axonal fibers and in occasional cell bodies of the enteric nervous system, and in the heart of ASO mice. Accumulation of proteinase-K insoluble alpha-synuclein, reminiscent of neurodegenerative processes in PD was also observed. The functional and pathological changes we document here in ASO mice could relate to the autonomic deficits also seen in idiopathic and alpha-synuclein-mediated genetic forms of PD. These experimental data provide a foundation for therapeutic modeling of autonomic changes in PD and related alphasynucleinopathies.
Introduction
The non-motor symptomatology of Parkinson's disease (PD) includes autonomic dysfunction, hyposmia, and sleep abnormalities (Chaudhuri et al., 2006) . Such symptoms commonly experienced by PD patients are often detected before clinical motor symptoms, progressively become very disabling and significantly impact the quality of life for patients (Savica et al., 2010) . Dysfunction of gastrointestinal and cardiovascular systems are significant autonomic features of PD, and post-mortem studies have identified PD neuropathology throughout the autonomic nervous system including the gastrointestinal tract, heart and sympathetic ganglia (Beach et al., 2010; Goldstein, 2010) .
PD has multiple etiologies, including mitochondrial dysfunction and oxidative stress, and genes involved in such pathways have been identified (e.g. DJ-1, PINK1) (Cookson and Bandmann, 2010) . Toxin-based and genetic approaches to induce mitochondrial dysfunction and oxidative stress in animals have been widely used to model central nervous system (CNS) dysfunction and the selective loss of midbrain dopamine neurons (Cannon and Greenamyre, 2010; Magen and Chesselet, 2010) . These models have also indicated involvement of the peripheral nervous system (PNS). MPTP, a complex I inhibitor selective for the dopaminergic system, alters gastrointestinal dopaminergic transmission and related function, and reduces dopamine neurons in the enteric nervous system (Anderson et al., 2007; Chaumette et al., 2009; Natale et al., 2010; Tian et al., 2008) . Systemic administration of rotenone, a general mitochondrial complex I inhibitor, in rats, induces clear gastrointestinal dysfunction and neuropathology in the enteric nervous system, similar to PD (Drolet et al., 2009; Greene et al., 2009 ). These toxin-based models demonstrate that mechanisms involved in CNS dysfunction in PD can also elicit functional deficits and pathology in the PNS. While such models depend on external agents that induce, for example, oxidative stress, a major genetic and pathologic component of PD is associated with the synaptic protein, alpha-synuclein. Mutations in, or multiplication of SNCA leads to early onset PD and diffuse Lewy body disease, and polymorphisms in the regulatory elements of SNCA can predispose to PD (Cookson and Bandmann, 2010) . In both sporadic and familial PD, alpha-synuclein is a component of proteinacious Lewy body inclusions and neurites found throughout the CNS and also in the PNS. Alpha-synuclein is a highly expressed presynaptic protein, 
